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Foreword

This translation was prepared in response to Work
Assignment No, 78, Task 11, The article was origi-
nally published as follows: Marha, K. Biologicke
ucinky elektromagnetickych vin o vysoke frekvenci,
Pracovnl lekarstvi, v, 15, no, 9, 1963, 387-393,
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BIOLOGICAL EFRFECTS O™ HIGH-FREQUENCY ELECTRONAGNETIC WAVES

Radic waves are of interest to physlclsts, chemists,
blclogists, and doctors. They all are interested in sind-
ing cut whether electronagnetic waves cause chemical and
biq%;glcal changes similar tc those brought about by ionic
fau.ation, The rirst experimnental work on the influence of
nigh-frequency electromagnetic waves on organic and incrganie
matter was done ot thr and of the last century.

The nunber ¢f studies grew constantly until a first
peait was reached between 1630 and 1940, During that time
~valuablic studles were conducted, especially in physical

chemistry and biclcgy. Less interest was focused on

medical probleic and the effects of high-frequency waves
on man,

—

vWorld VarIl interrupted this research, and at many
nlaces it wac forgotten or was re-discocvered only in the
pa.t lew yearc., This 1s particularly true of the influence
cf hish-frequency waves on the colloldal system.

After 195y4%, attention was given almost exclusively tc
the influence of lonic radiation, 1.,e., waves (x-ray, gamma
radiaticn) and ccrpuscular (alphe and beta) [9). Interest
in high-{requency electromagnetic waves has been renewed
crly recently. The interest developed when it was recognized
that anlmals and plants die in a high-frequency fleld of a
certain minimum effective density in the cm wave band and
when workers at radar stations began to complain about
certain physical Aifficulties, Thus, the situation had
changed from thal whiech had existed before the war,

The reatect number of workers engaged in this research
are in the Usi.. and the USA, where there are specialized
facilities for such investigations, In addition to these
countries, Poland, Italy, and, lately, England should be
menticned as places where studies are belng made of the
elfects of high-frequency fields on the bilological system,
Czechoslovakia has also seen an increase in studies con-
cerned with this subject. The Institute of Industrial
Hygiene and Occupational Diseases houses a special high-
frequency department which since early 1961 has dealt exclu-
sively with questions relating to the influence of electro-
magnetic waves on living matter and especlally with the pro-
tection of men from these waves, |

Although there have been regular international confer-
ences on this subject, the exchange or information and the
publication of results has been limited. The reason for this ia
clear from one fact, In tThe United States, the research on
the influence c¢f high-frequency waves, especlially microwaves,
has been carried out on a broad scale since 1957, and this




has been done under the auspices of the Department of

Defense and coordinated with the medlcal research laboratory
created as a part of the experimental rocket base at Cape
Canaveral. Therefore, one cannot expect that all results
would be published in detall, It 1s also understandable that
information on new results from other countries would be
equally hard to come by, 1In splte of this, about one thousand
studles have been published on this subject up to the present
time [1963], [8]

The followlng 1s a short dlscussion of the influence
of high~-freavenncv electromagnetic waves on living matter,
especlally in the field of microwaves, ({lor greater devall,
see raferences 5, 7-10, 12-1y, 17, 19, 21, 28, 29),

The f{irst question deals with the penetration of high-
frequency energy ilnto the organlsm, Let us observe the
behavior of the body in the electromagnetlic fleld. It should
be stated that the body, by its very presence, changes the
fleld, because the electrical properties of the body are
considerably different from the properties of the alir in
which the waves spread., This 13 particularly true of elec-
trical constants, The magnetic permeability is the same for
the body as it 1s for the air,

When the electromagnetic wave hlts the surface of the
body, it means a transition from one medium to another [10],
At the transition boundary, part of the energy is reflected.
The rest penetrates the tlssue, changing speed; if 1t enters
at an angle it also changes direction., As 1t penetrates the
tissue, hlgh-frequency energy is absorbed under the influence
of dielectric losses, and is transformed into heat., The
amount of hilgh-frequency energy which 1s absorbed depends on
the kind and size of the tissue and on the environment,

Flg. 1 shows the dependence of high-frequency absorption
on frequéncy in the case of a human subject, The ligurse
shows three layers: Skin, fat, and muscle, Thils presentation
1s very approprlate in the area of microwaves, because there
we can disregard the influence of bone on the gbsorption
propertles of the body, and the hlood system in the skin can
be substituted by changing the thlckness, Thus, we can
visuallze the Influence of some parameters on absorptilon,
This dependence has the character of dampened oacillations,
According to our calculations, however, the locatlon and
absolute maximum value or minimum value depend on the so-
called constitutional parameters; the example shown in Fig, 1
represents the absorption in the body, which can be visualized
as three layers, wilth an equivalent thickness for the sikdn
(0.35 cm), the fat (1l.ly cm), and a semi-infinite layer of
muscles, In this system the first highest maximum
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abcorpticn 15 av nio, Uhe zeeong arocund 9000 MHz,
Minlmun. abscoitt. o fo . oowund “ou0 THo.,  With the change of
IJrequency the peroenta e o atserhed energy changes, as does

to percentile Jdistributicn it oincle tissues, especlally
ler, :
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A direct rescuit ¢r high-freguency energy absorption in
tissue 1o .0 . ~enr T tomnerature, Thils correlates with
the eleetric: . o v.: «o ef the ulscue, especially 1its
conductivity and deieccric censtant, and naturally is also
connected wish “herii ccnuuctivity. Apart from this, the
therme=reruiniing cynoe . oi the orzanrlcu also viays an
important r._e¢; whicen explaiug tne ract that to a certain
deree Lhr Liwrsnl briznee of the organism 1s stabllized
recardless o0 the intennity ci the field, The body tempera-
ture firet rloec and then, ac a resuit of increased flow of
bloocd, it sitws, at in cacwn in Fig. 2 [Cl.

In adgiticn %o L L=rrequency energy absorptlon, the
possibility vor elesurerannetlce indvation of the body also
exists. Ther~ are elccirical transmission lines in the
organism, especially the nerve system and the blood circula-
ticn. In the presence of an alternating electromagnetic
field, inhduce: wvenslo. esuluvs, wilch, however, is distri-
buted through these . . .ems ints the organisn, l.osses are
small, and thus high-irequency reaches areas which had
received only very wealk doses through primary absorption,
This means fcr the entry of high frequency into the organism
can be extremciy significant, ecpecially in damaging the
central nervouc systern. and the blood vessels, In this
connection %t 15 intercsting to cbserve that nerve fiber
changes 1ts clectrical resictance in a high-frequency field.,.

Low=-intensity electromagnetic waves cause difficulties
which are primarily oi a neurotic nature (1y]. These include
headaches, pain in the eyes, tiredness and general weakness,
dizziness aftter standinc for a perloed of time, fitful sleep
at night, sleepineas in the daytime, changing moods,
1rritability, hypochondriacal attitudes, fear, depressions,
reduced intellectuai capacity, and reduced memory., With
longer exposure, laziness and an inability to make decisions
result., Complaints are volced regarding sensations of ten-
sion in the skin, head, and tfcrchead, loss of hair, muscle
aches, and pain arcund the heart, Complaints of sexual
difficulties are not uncoumncn, Such people experience slight
eyelid, tongue, and f{inger tremors accompanied by increased
perspiration, During work in a higher field a marked reduc-
tion in blood pressure i:as been cbserved which lead to
collapse,




As to any ccnnecticn between & high-Urequency fleld
and sexual functlon, 1! wi thund that no gpeclal changes
cecurred In the female crganlsm, but that wormen in general
are nore succeptible to such infiuence than wen, Interrupted
menstrual pericds and a reductlon in th=» nllk supply of
nursing mcthers are a sign c¢f{ danage.

A few weexks arter the endl of expcsure (sometimes several
weeks or longer) the body returns to its fcrmer physiological
state and all subiective and cblective dii'tfculvies vanish,
This 18 called regeneraticn and 1: prceof of the reversibility
c¢f the effects -f a higsh-frequency (leld.

On the other hand, the chronlie influence c¢f a high-
frequency (leld results In cumulative blological effects,
which can be explained by the lowered resistance of the organ-
ism to outslide influencea. This effect was described in
detall in g study of damaged eyes subJected to repeated
radlation of sub-threshold Intensitles, This was a case of
the non-thermal effect of the high-frequency ['ield.

It should be pcinted cut that the pcssibility cof the
existence of the non-thermal effect of electromagnhetic
waves 12 generally accepted today, and because subscantial
experimental documentaticn exista, 1t can be ccnsidered
proven, It has been demonstrated that non-thermal effects
also occur with flelds ¢l greater intensity, where the rise
in temperature is the first reaction of the crganism. Non-
thermal eflects brought about changes in inter-neuron
cennections, the lnactivatlcn of certaln viruses, and
changes in the growth and infection prcperties cf bacteria,
Undoubtedly the most lnpertant ncn-thermal effects are the
changes in the ccourse of the division of cells, especilally of
chromogsomes, Flg., 3 shows the process, It deplcets the
dependence cf the mitctic index cn the intensity of the flelad
at different radiation times [1l1]. Also, actual changes 1n
the shape of the chromoscmes have been encountered. These
changes are directly connected with the develcpment of the
indlvidual and the changes in the properties cf the descen=
dants,

In view of these and cther effect cf the electromagnetlc
field [18, 25] 1t 1s natural that interest in these problems
is increasing and that attentlon must be devcted to them

(8].

Let us investigate the mechanism of the bilolcgical effect
of microwaves [10], When electromagnetic waves enter the
organicm they cause primarily the polarizaticn of the molie-
cules which have a dipole,




The 1cng, which arc nct electrically neutral, begln to wmove
uiider tha Influence of the field, Since the slen cf the {leld
chauges ccnstantly 1in the rhythu of the trequency, the
crientation of the dipcle and the dlrectlon <1l the 1ons alsc
change. Many authors ascribe tc Lhls oscillation of the icns
and dipcles a considerable part ¢f the biclogical activity

cf the high-{reauency waves, FPriction of the particles
recults, cnergsy lo abscrbed and converted into heat, and the
crganisn's tesiperature rises, The amount cf llberated heat
dependg on the ireqguency and {ntensity »f the Meld, becauce
the faster aund ucre frequent the change ol crientatlion of the
dipcles and ions, the larger the number of collisions [¢].
The heating, however, also depends <n the dlielectric cecnstant
of the mediun, This can te different for varlcus taterlals,
and therefore zenea cf higher temperature can be created,
Nonunifort: absorption of high-frequency cnergy results in
nenuni form heating of various cells or of parts cf them,
Thus, the cocrdinaticon of the blochemlcal reacticn nilght be
disturbed, the speed ol which may change, depending cn the
temperature cf the medium in which 1t occurs, Since under
ncrmral cenditions all these reactlons take place under nearly
equal temperature, scone researchers believe that this dis-
turbance of ccordlination may lead to the formaticn ¢f certaln
materlals which are al+en to the cells, thus leading to the
pcessibility of blood pecilsoning during high-frequency irradia-
tion, The cerrectness of these considerations is cpen to
question, At greater denaities the llberated heat is so
great that damage to pr¢telns may result., This 18 particular-
ly true cr tissue with few blood vessels, for example, the
eyes. Certain prccesses are declded by enzymes, which are
thermo~-labile, Therefcre, disturbtances 'n the netab>_isn

nay ve a direct result of heat influences. Thils helps tc
explaln eye and nerve damage, i as wa pelnted out previously,
non-thermal phenomena alsSc¢ enter the picture [5]).

It 1s known that electromagnetic waves bounce back from
the poundary surface c¢f two media, Il a homogeneous part
inside an organism has the prcper dimensions, sc-called
"dead waves" may result at a certain frequency and may
cause locally silgnlificant rises in temperature, Dimensicnal
resonance dominates the thermal effect and cccurs mainly in
the mlcrowave band,

A8 was pcinted out previously, the organism can
accomodate a certaln amount of heat released in a specific
range, If, however, the output density and the time &f
radlation is greater than a certain critical value, the thermc-
regulation breaks down and the organism, ar 2 part of it,
perishea, Therefore, we niay say that In a fleld of greater
intensity the thermal phenomena are responsible for the
damage tc the organism, The existence of non-thermal
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phenomena has also been proved. Although not much is known
about thelr crigin, it is certaln that the mechanism of the
ron-thermal effects of high-frequency waves 1s of a

vhysical nature, There are various interpretations for the
partial effect of the high~frequency fleld, There is the
possibllity of resonance of some organic molecules at a
certalin frequency. At thils resonance the load on the mole-
cules 1is at a maximum, and & change in their structure may
result, This possibility is under consideration 1n the case
of glbumin, peptides, and amino acids [23]. Recently, such
ragonance phenomena were chserved in gamma globulin [1],

It will be difficult to Iinterpret this discovery because 1t
¥as found that under certain conditions this 1s a strictly
selesctive process whose basic freguency lles 1n the 7 MHz
band and that it can also be induced by harmonic osclillations.
At an appropriavefrequency, a change 1n the electro-

plivretic homogensgity of the gamma globulln can occur at a
relatively low intenslity., An even lower intenslty 13 requilred
for s conaiderable change ©of its antigen reactivity. We can
further imagine that the oscillating lons and dipoles exert
rrimarvy influence in the hi fleld., As a result of thls oscil-
laticn, a change of the lon processes may occur, and thus

2lsc s ohange in the conditlions for the polarization and
depolarization of the membranss, especlally in the case of
nerve cells,  Simultanecusly, a breakdown of the diffusing
process may take place by alfecting the cell's permeabillty,
'+ peemg certain that onhe binioglcal effects of the alternate
fieid in the entire freguency band; from the lowest to the
highest, are caussd by influenced on the cellular substance.
nately, cartaln conslderations nuve ccne to the foreground
regarding the orientatlion and chainirng of components of the
inrracellular fluids, wnich have a colloldal character

Th, 24, 27]. None of these speculations, however, completely
explalng all of the observed biological effects of high-
freqguency; on the contrary some are contradictory. No complex
theory Por the mechanism of the effect of electromagnetic
wavas on the living organism has been avallable whilch

would satisfactorily explaln all known phenomena, We have
tried to develcep such a theory, and wlll present some of the
maln 1dess here,

Wnan entering an organism, electromagnetic waves cause
heating of the tissue through dlelectric losies and induction
of nigh~{requency voltage through the blood and nerrcus syg-
tem, 1In cell nrotelin,; they create an alternating IJleid with
regard to their own charge. 3uch a fleld may resuit in chaln-
ing and sunching of the protein, Siamllarly, the lnduced
dipel ey may create amphoterlce compounds, such as amlne gclds
and pseudo-macremolecul ar compounds, Many parts cf the
organism have @lectrical characferlstles which qualirlfy rvhen




as semiconductors. The asymnetrical nonlinear volt-ampere
chararteristics of those elements are mainly responsible for
creating the distortion of the alternating signal and a de
cemponent, Thus, a change occurs in some of the electrical
properties c¢f the cell, especially in the electrical load.
Many living cells, such as nerve cells, have a certain 1lcad
characteristic for their function, It is important to
remember that certain molecules with dipoles are present in
the cell {luid whose bilclegilecal characteristics, such as
osc¢lllation and position, depend on the electrical character-~
istics cof the environment., As the charge of the cell changes,
the normal physiclogical state of the cell sisco changes, Il
it 1s a contrelling cell,; e.g,, a nerve cell, ¢ther parts
of the organism are also secondarily affected. The hlgher
the field intensity and the higher the ampiitude of the induced
voltage, the nmore intensive the response of varicus parts cf
the bedy, The result 1s altered cellulasr balance and zubse=-
quent readjustment, Vhen a certain limit iz reached, an
irreversible ccllapse occurs in the case of the whoele organism
or parts of 1t. If the limit is not reached, the electrlcal
and physical charactearistics of the cell sreturn Lo normal
vhen the high-frequency field is withdrawn, lesving no marked
effects [20], These changes cannct he sudden, and are nct
equal in every person, It wiil depend on the ¢(vee of hirh-
frequency signal, the amplitude, and the character of the
electromagnetic field, It also was found that the siaulvane-~
ous roticn ¢ high~frequency and x-ray radiation can cause
greater harm to the organism than cne or the other can alone,
While the effects of the high-Irequency waves cn the crgan-
ism are to a certain degree reversible, repeated exposure,

ren of small Intensity, inecreases the crganism!s sengitivity,
Pelyfrequent radiation is bhiologically more effectlive than
nonofrequent radlation,

From what has been said sc¢ far, it follows that we
have to congider the high-frequency field under certain
clrcumstances as a bioclogically active part of thie envirorn-
?eng which can have an unfavaorable etffect on the organism

22_’3

Equipment which produces high-requency energy is being
used in increasing amounts and soon thers won't be a field in
human activity where hilgh-frequency generators will not be
used, A classlcal example 18 1ts use in telecommunications,
Jts use is varied, and high~frequency heat 1s used, for
example, in the production ¢f pure germanium and in semi-
conductor technology, etc, Because of the hazards to the
workers, 1t was necessary tc establish a maximum permissible
field intensity [16). Because there are thermal and non-
thermal effects, Jifferent values [or the maximum permissible




intensity were established, depending on the c¢riteria used,

In the USA there 1s still indeclsion regarding these values,
As the basis the thermal effect ¢of electromagnetic waves was
established, and as thls 1s more pronounced at very high
frequencles, directives were worked ¢ut only for microwaves.
It was established that for heating ¢f the body a maximum
output density of 10 mW/cm2 can bz endured, and therefore

tnls was accepted as the maximum permissible intensity.

Some called this amount the "tolerance value," and as the
maximum permissible intensity 1 mW/cm? was proposed, This

was accepted by the General Electrie Co, and was also used at
the Bell Telephone Laboratories, However, a blological effect
can be expected at 0,1 mW/cm2, which 1s the third value used
1n the USA. At this output density, we already conslder long-
tilme repeated lrradiation with the participation of non-
thermal effects. And this 1is the only correct point of view,
This was also adopted in the USSR and theg also selected the
safety factor 10, thus obtaining 10 W/eme as the maximum
permissible field intensity for the whole working day in the
cm wave band. The same value was also adopted in Gzecho-
8lovakia for pulse operation, For permanent operation a
maximum output density of 25 W/cm?2 was suggested, Because
the bilological effects are dependent not only on the intenslty
of the field, but are a functlon of 1intensity and time, 1t

was pcssible to permit great output density for shorter
exposure, In Czechoslovakia thls questicn was resolved by
introducing a maximum coefficient which states that the
product of the time (in hours) multiplied by the output
density in W/cm2 must not be above 200, This is shown in
Pleg. 4.

The quoted values are {or mlcrowaves, which is the area
of frequenciles above 300 MHz.

As far as we know today, however, it must be sald that
the blclogical efficlency of electromagnetic waves has no
frequency dependance which can be generally expressed, The
biological effect 1s always forthcoming if a certain value
of high-frequency energy is reached in the organism, The
efficiency of transmission during interactlon between the
field and the organlsm depends c¢n the frequency, and for
absorption it is depleted in Fig. 1. The true result is
complicated by the exlstence c¢f induction, Therefore, we
can find even 1n the case of relatively low frequencies a
field intensity in which the effective energy in the organ-
ism exceeds the critical value,

For frequencies below 300 MHz, the maximum permissible
intensity was established in the USSR at 5 V m, and in
exceptional cases at 10V m, The latter value was also
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adopted in Czechoslovakla for the 10 Kz to 300 MhZ band. A
number of organlzational precautlions were taken for the
procection of workers, including geriodic checkups, and pro-
hibitlon of work to those under 13 years of aze, pregnant
women, and nursing mothers, The USSR 1n scme cases grants
an addltional 1y days of vacatlicon to workers; those who work
in the cm waveband have a 6-hour work day. Similar arrange-
ments have been ade¢pted in Poland,

The best protection 1s prevention [13, 26]. Shading
methods can be used to prevent unwanteu reflections in the
rooms [7].

Metal obJjects should be avoided, Where it 1s impossibvle
to avold the fleld, personal preventive measures must be
taken., Glasses wlth metal netting orgdd coating have been
suggested for safeguarding the eyes, A cloth cover inter-
woven wlth a metal thread is recommended for the rest of the
body, including the head. For proper protection, the field
intensity in the room must be known,., Computation wlthout
measurement is possible only If the parameters of the genera-
tors and antenhas are known, and this 18 only possible in
the so-called distant zone, which roughly speakling is at a
distance greater than 10 wavelengths, This is practically
possible in the case of radar, These are only for orienta-
tional calculations. Therefore, it 1s always necessary to
measure the fileld intenslity. However, the method of measure-
ment is not simple, and for hygienlc reasons will have to be
developed [15]. Only the USSR has proper measuring equip-
ment for the lower wave band, Under certaln circumstances,
however, prcperly adjusted and calibrated absorbing ondom-
eters can bhe used.

In the operation of high-frequency generators, sources
of high voltage are used to feed the termlnals, At approxl-
mately 20 kV we must count on the ocaurrence of x-ray radla-
tion, Peak doses of 50 r min can occur, Measurement of this
x~-ray radiation is complicated by the fact that it appears
mostly in pulsating equipment, In this case lon chambers
must be used,
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body

Fig. 1,

Prequency dependence of the absorption of high-frequency
energy In muscle and in the model of a bedy composed of three
layers: skin, fat, and muscle
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Temperature Increase on the various parts of the human body
depending on the duration of radlation with electromagnetic
waves at a frequency of 2y50 MHz (Gersten J.W, and Co. 1949)
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Dependence of the relatlve speed of the 1lsolation of Vicia
Faba cells of the fleld intensity for different periods of
radiation (Klepenhauer and Co. 19u9)
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Dependence of the maximum permissible uniterrupted time of

stay in an electromagnetic field of a given operational
density of non-pulsating operation (CW%
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